Abstract -Aim: To examine the pattern of psychiatric comorbidity associated with nicotine dependence among alcohol-dependent respondents in the general population. Methods: Drawn from a US national survey of 43,000 adults The (National Epidemiologic Survey on Alcohol and Related Conditions) who took part in a face-to-face interview, data were examined on the 4782 subjects with lifetime alcohol dependence, and comparisons were made between those with and those without nicotine dependence. Results: Nicotine dependence was reported by 48% of the alcohol-dependent respondents. They reported higher lifetime rates of panic disorder, specific and social phobia, generalized anxiety disorder, major depressive episode, manic disorder, suicide attempt, antisocial personality disorder and all addictive disorders than those without nicotine dependence. After controlling for the effects of any psychiatric and addictive disorder, alcohol-dependent subjects with nicotine dependence were more than twice as likely as non-nicotine-dependent, alcohol-dependent subjects to have at least one other lifetime addiction diagnosis (adjusted odds ratio 2.36; 95% confidence interval 2.07-2.68). Conclusions: Nicotine dependence represents a general marker of psychiatric comorbidity, particularly of addictive comorbidity. It may be used as a screening measure for psychiatric diagnoses in clinical practice as well as in future trials.
INTRODUCTION
Nicotine and alcohol dependence are two leading causes of morbidity and mortality (Hurt et al., 1996) , both having a high rate of comorbidity (Falk et al., 2006) . Nicotine dependence is an important issue in alcohol-dependent patients. For example, smokers with a lifetime history of alcohol dependence are more likely to die of smoking-related diseases rather than from alcohol-related diseases (Hurt et al., 1996) .
According to an epidemiological survey, 65.4% of adults in the USA used alcohol and 27.7% used tobacco during the 12 last months, whereas 21.7% of adults used both alcohol and tobacco during the same period (Falk et al., 2006) . Similarly, 3.8% of adults in the USA suffered from alcohol dependence during the last 12 months, 12.8% suffered from nicotine dependence and 1.7% suffered from both alcohol and nicotine dependence during the last 12 months (Falk et al., 2006) . The prevalence of nicotine dependence among subjects suffering from alcohol dependence in the last 12 months is as high as 44.6 and 47.3% in males and females, respectively. Nicotine dependence prevalence is also high in both subjects with another addiction or suffering from a psychiatric disorder (Dani and Harris, 2005) . Moreover, alcohol-dependent patients who smoke have a higher dependence severity than non-smokers (John et al., 2003) and a lower rate of spontaneous smoking cessation (DiFranza and Guerrera, 1990 ) than non-alcohol-dependent smokers, thus requiring a careful assessment of both addictions (Ellingstad et al., 1999) .
In the general population, numerous studies support the association of nicotine dependence with addictive and psychiatric disorders. Of those, the most consistent studies support an association with unipolar and bipolar disorders (Fergusson et al., 2003; Dierker and Donny, 2008; Goldstein et al., 2008; Wiesbeck et al., 2008) , alcohol and drug dependence (Cho et al., 2007; Dierker and Donny, 2008) , conduct disorder and attention deficit (Lynskey and Fergusson, 1995) , panic disorder, agoraphobia and specific phobia (Breslau et al., 2004; Dierker and Donny, 2008) among others (for review, see Leonard et al., 2001) .
However, fewer studies examined psychiatric disorders associated with nicotine dependence among subjects suffering from alcohol dependence (Daeppen et al., 2000) . The only study relying on a large sample in the literature found that antisocial personality disorder, unipolar depression and other drug dependences are associated with nicotine dependence among alcohol-dependent subjects (Daeppen et al., 2000) . However, this work was based on families with a high density of alcohol dependence rather than on the general population, and their authors stated that 'the generalizability of [their] results to other populations [needed] to be tested' (Daeppen et al., 2000) . Moreover, other mental disorders were not mentioned in this study.
The aim of our study was to examine sociodemographic factors and mental disorders associated with nicotine dependence among alcohol-dependent subjects in a representative sample. We hypothesized that nicotine dependence in alcohol-dependent drinkers would be associated with a broad spectrum of disorders. To gain an understanding of the role of nicotine dependence as a screening diagnosis for mental and addictive disorders, we also determined the sensitivity, specificity, positive and negative predictive values of nicotine dependence for these disorders among alcohol-dependent subjects.
METHODS

Data source
Subjects were participants in a nationally representative faceto-face survey of 43,093 respondents aged ≥18 years, the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), conducted by the National Institute on Alcohol Abuse and Alcoholism in [2001] [2002] . The NE-SARC assessed the civilian non-institutionalized population residing in the USA with a response rate of 81%. Young adults, African-Americans and Hispanics were oversampled. The survey methods have been described elsewhere (Grant et al., 1995) . The research protocol, including informed consent procedures, received full ethical review and approval from the US Census Bureau and the Office of Management and Budget.
Subjects
The NESARC used the Alcohol Use Disorder and Associated Disabilities Interview Schedule DSM-IV version (AUDADIS-IV), a structured diagnostic interview used by non-clinician interviewers (Gorwood, 2003) . Algorithms were designed to produce diagnoses consistent with the DSM-IV criteria. Several studies have documented good to excellent test-retest reliability (Grant et al., 1995; Ustun et al., 1997) . Patients were included in the study if they met lifetime DSM-IV criteria for alcohol dependence.
Definitions of the clinical variables
We chose to include nicotine dependence rather than daily smoking in the analysis because nicotine dependence is associated with a more severe psychopathology in the literature (Daeppen et al., 2000; Martinez-Ortega et al., 2008) .
Other addictions were assessed including pathological gambling, cannabis, cocaine, opioid, amphetamine, solvent, tranquilizer, sedative, hallucinogen and heroin abuse or dependence.
Mood and anxiety disorders included in the survey were panic disorder, agoraphobia, specific phobia, social phobia, generalized anxiety disorder, major depressive episode and manic episode. All mood and anxiety lifetime diagnoses were primary or independent, e.g. they excluded disorders that were due to a general medical condition or were substance-induced.
Lifetime history of suicide attempt, antisocial personality disorder and conduct disorder were also assessed.
When mentioned, the following covariates were used in the analyses: sex, age, race/ethnicity, educational level, marital status, income, urbanicity and region. Race/ethnicity was categorized into: (i) white, (ii) black, (iii) American Indian/ Alaska Native, (iv) Asian Native Hawaiian/Pacific Islander and (5) Hispanic/Latino. Age at interview was categorized into: (i) 18-29, (ii) 30-44, (iii) 45-64 and (iv) ≥65 years. Educational level was classified into: (i) less than high school, (ii) high school graduate and (iii) some college or higher. Marital status was categorized into: (i) married or common-law, (ii) widowed, (iii) divorced or separated and (iv) never married. Total household income was classified into: (i) $0-19,999, (ii) $20,000-34,999, (iii) $35,000-59,999 and (iv) $60,000 or greater.
Data analysis
We divided the sample into two subgroups according to lifetime diagnosis of nicotine dependence. Distributions of sociodemographic and clinical correlates of nicotine dependence were compared using the chi-square test. Odds ratios and confidence intervals were estimated through logistic regression. Sociodemographic covariates in the regressions included sex, race, age at interview, educational level, marital status, household income, level of urbanicity and region. When mentioned, a statistical weight was employed to ensure that the data were representative of the population.
RESULTS
In the NESARC sample, 4782 participants met DSM-IV alcohol dependence criteria. Smoking status was available for 4781 subjects (99.9%). The nicotine-dependent group represented 48% of the subsample of alcohol-dependent drinkers. The sociodemographic correlates of nicotine dependence in alcohol-dependent drinkers are presented in Table 1 . Black, Hispanic and Latino ethnic group had decreased odds of nicotine dependence, with a non-significant decreasing trend for Asian, Native Hawaiian and Pacific Islanders group, whereas American Indian and Alaska native ethnic groups had a significantly increased risk of nicotine dependence. Being 45-64 years old or high school graduated was associated with an increased odds of nicotine dependence. Being widowed, divorced or separated was also associated with significantly increased odds of nicotine dependence. The higher income groups had decreased odds of nicotine dependence.
Nicotine dependence was associated with a higher risk of almost every assessed mental and addictive disorders. These associations remained significant after controlling for sociodemographic factors (Table 2) . Lifetime agoraphobia without panic disorder and conduct disorder were the only variables that were not significantly associated with nicotine dependence. When controlling for the presence of all other disorders, nicotine dependence was still associated with a higher risk of panic disorder, specific phobia, all mood disorders, suicide attempt, antisocial personality disorder as well as cannabis and amphetamine use disorders and pathological gambling (Table 2) .
Nicotine dependence was associated with a higher risk of at least one diagnosis out of the three broad domains of psychiatric disorders (anxiety, mood and addictive disorders; Table 3 ). More precisely, after controlling for the effects of any psychiatric and addictive disorder, alcohol-dependent subjects with nicotine dependence were more than twice as likely as non-nicotine-dependent, alcohol-dependent subjects to have at least one other lifetime addiction diagnosis (adjusted odds ratio 2.36; 95% confidence interval 2.07-2.68). Using nicotinic dependence status to detect a lifetime diagnosis of mental or addictive disorder, the sensitivity rates ranged from 0.57 to 0.31 and the specificity rates from 0.69 to 0.74 (Table 4 ). The positive predictive value was between 0.38 for the presence of at least one anxiety disorder and 0.49 for the presence of at least one other addictive disorder. Negative predictive value was always >0.69, up to 0.72.
DISCUSSION
In this study, nicotine dependence was associated with a global and relatively non-specific increased risk of psychiatric and addictive comorbidities among alcohol-dependent subjects. The spectrum of associated disorders was broad and ranged from anxiety disorders, antisocial personality disorder (ASPD) to all addictive disorders studied in the NESARC study.
The presence of psychiatric comorbidity is a well-known negative predictive factor of ability to maintain abstinence for both substances (Gershon Grand et al., 2007; Kodl et al., 2008) . In that view, the finding that alcohol-dependent subjects suffering from nicotine dependence had a higher prevalence of nearly all psychiatric and addictive disorders is a public health concern.
The sociodemographic variables associated with nicotine dependence in the alcohol-dependent population are consistent with those described in the general population. Particularly, being widowed, divorced or separated are wellknown risk factors of nicotine dependence (Balk et al., 2009) . Low income status is almost always associated with increased odds of nicotine dependence in adolescents and adults (Kim et al., 2009; Wallace et al., 2009) .
Our finding is in line with the most important work in the literature, which suggests that antisocial personality disorder, unipolar depression and other drug dependences are associated with alcohol dependence comorbidity with tobacco dependence (Daeppen et al., 2000) but differs in three main aspects. First, the size of our epidemiological sample of alcohol-dependent subjects is about four times more than that of Daeppen et al. (2000) . Second, NESARC is a national representative sample, whereas previous work assessed either alcohol-dependent outpatients or families recruited through an alcohol-dependent subject (Daeppen et al., 2000) . Third, we assessed the association of nicotine dependence with 20 psychiatric and addictive diagnoses among alcohol-dependent subjects and showed that nicotine dependence is associated not only with three disorders as initially suggested (Daeppen et al., 2000) but rather with a broad spectrum of disorders across all clinical categories, ranging from anxiety to mood disorders, and from antisocial to addictive disorders, with adjusted odds ratio ranging from 1.30 to 1.91.
Several neurobiological mechanisms have been proposed to explain the strong association between alcohol dependence, nicotine dependence and mental disorders. Acetylcholine receptors may play a role in the development of alcohol dependence. Alcohol administration activates acetylcholine receptors in the ventral tegmental area and elevates dopamine levels in the nucleus accumbens (Ericson et al., 2008) , this elevation being common to every addictive drug (for a more complete review, see Feltenstein and See, 2008) .
Conversely, the administration of a nicotinic antagonist, mecamylamine, in the anterior ventral tegmental area blocks the elevation of dopamine in the nucleus accumbens (Ericson et al., 2008) . Moreover, the administration of mecamylamine is associated with a reduction in alcohol-reinforcing effects in human (Blomqvist et al., 2002) . Finally, alcohol and nicotine have additive effects on dopamine release in the nucleus accumbens (Tizabi et al., 2007) , suggesting that the reinforcing effects of nicotine may contribute to alcohol dependence (Tizabi et al., 2002) .
Alcohol and nicotine dependences also share a genetic component (Madden et al., 2000; Le Strat et al., 2008b; Le Foll et al., 2009) . In twin studies, taking into account the influence of sociodemographic, personality and psychiatric risk factors on both dependences is not sufficient to explain the dual diagnosis (Madden et al., 2000) .
Moreover, both alcohol and nicotine induce brain cytochrome P450 (CYP) 2E1, which, in turn, metabolizes both products (Howard et al., 2003) . A clinical implication of this pharmacokinetic interaction could be that more nicotine is required to achieve the desired effect in alcohol-dependent individuals. Finally, there is also synergism of analgesic effects of both products in animal models. Combination of doses of alcohol and nicotine that are not analgesic by themselves resulted in antinociceptive responses using different paradigms (Campbell et al., 2006) .
The antidepressant and anxiolytic effects of nicotine suggested in some previous works may contribute to its use in patients suffering from either major depression or anxiety disorder. The chronic administration of nicotine in rats may alleviate the depressive symptoms observed in different animal models of depression (Andreasen et al., 2008) and enhances the antidepressive effects of citalopram (Andreasen and Redrobe, 2008) . Similarly, some antidepressive drugs are effective in smoking cessation (Hughes et al., 2007) with the norepinephrine-dopamine reuptake inhibitor bupropion being prescribed in major depression as well as in smoking cessation (Hughes et al., 2007) . Finally, major depression and nicotine dependence share a common genetic vulnerability (Lyons et al., 2008) . These converging data suggest that major depression and nicotine dependence share at least some common neuronal substrates. For a more complete review of the links between nicotine and depression, we refer the reader to Picciotto et al. (2008) .
The link between nicotine dependence and anxiety behaviors is probably more complex. Indeed, whereas smokers report that they smoke to alleviate anxiety (Schneider and Houston, 1970) , prospective data in adolescence show that cigarette smoking causally contributes to an increased risk of several anxiety disorders, including agoraphobia, general anxiety disorder and panic disorder in the non-alcohol-dependent population (Johnson et al., 2000) . Thus, we hypothesize that alcohol and nicotine have synergic effects on mental disorders.
Our study has several limitations. First of all, the design of the study does not allow for testing causal association even if several hypotheses can be raised. For example, nicotine dependence may be the consequence of a psychiatric or addictive disorder; and nicotine dependence and psychiatric and addictive disorders may both be induced by a third and non-evaluated variable. Nicotine dependence may also induce psychiatric and addictive comorbidities, although in our data this is not a feasible explanation because, in our study, only mood and anxiety disorders defined as primary were included.
A second restriction is that the NESARC sample included only individuals aged ≥18 years. Thus, information was unavailable for children who may be at increased risk of developing psychiatric disorders associated with alcohol and nicotine dependence, although rates of alcohol and nicotine dependence in children are expected to be lower than in adults.
A third limitation is that NESARC is a population-based study rather than a clinical study. Accordingly, our results may not be generalizable to a clinical population. Particularly, the nicotine dependence rate among alcohol-dependent subjects is relatively low (48%) when compared with the rates observed in a clinical population, ranging from 80 to 90% (Hurt et al., 1996; Gorwood et al., 2003; Le Strat et al., 2008a) . The high rate of nicotine dependence among patients consulting for alcohol dependence may be associated with a different pattern of psychiatric and addictive comorbidities. Fourth, our study relies on a categorical model of psychiatric classification. The use of a dimensional model may have led to other results.
Finally, NESARC is based on a structured face-to-face interview (the AUDADIS) performed by non-clinicians. In clinical settings, the patient is not the sole source of useful information, and the final diagnosis could have been different if the interview had been conducted by clinicians. However, the diagnostic concordance coefficients are very good for dependence disorders assessed by the AUDADIS, and therefore the main finding of our study is not likely to be due to the interviewer's clinical experience.
In summary, we found that nicotine dependence among alcohol-dependent subjects is associated with a broad spectrum of psychiatric and addictive comorbidities. This finding is of interest since comorbidities are associated with a less favorable prognosis. Thus, patients suffering from alcohol and nicotine dependence should be carefully assessed for other psychiatric and addictive disorders.
